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(57) ABSTRACT 

A battery charger 2 equipped with an AC/DC converter 
charges a secondary battery module 1 constituted with a 
plurality of unit cells 10. The unit cells 10 are each connected 
in parallel with a constant voltage circuit 33 constituted with 
aZener diode 332 and a resistor 331 connected in series, and 
the unit cell 10 achieving a state of full charge is detected 
based upon the difference between the potentials at the two 
sides of the resistor 331. As a battery controller 32 lowers the 
charging power used by the battery charger 2 in response to 
the full charge state being achieved, it is ensured that the 
secondary battery module 1 is charged thoroughly while pre 
venting individual unit cells 10 from becoming overcharged. 
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1. 

CHARGE CONTROL DEVICE AND METHOD 
FOR SECONDARY BATTERY MODULE 

FIELD OF THE INVENTION 

This invention relates to charge control under which a 
secondary battery module may be charged. 

BACKGROUND OF THE INVENTION 

JP 2008-199828A published by the Japanese patent office 
in the year 2008 discloses a charge control circuit that 
executes charge control under which a secondary battery 
module, constituted with a plurality of unit cells layered one 
on top of another, is charged. The charge control circuit 
detects Voltages at the unit cells, compares the Voltage at the 
secondary battery module with a predetermined Voltage value 
based upon the Voltages at the unit cells and controls the 
current output from a battery charger based upon the com 
parison results. 

SUMMARY OF THE INVENTION 

However, the voltage at a unit cell tends to pulsate readily 
and thus, the voltage detected at the unit cell with certain 
Voltage sampling timing may be unstable, in which case, 
accurate Voltage at the secondary battery module cannot be 
detected reliably. Unless the level of charge to which the 
secondary battery module has been charged is ascertained 
accurately, the charge operation may stop before the second 
ary battery module is fully charged. 

It is therefore an object of this invention to provide a 
secondary battery module charge control device capable of 
charging the secondary battery module until it achieves the 
full charge level while effectively preventing overcharge at 
individual unit cells. 

In order to achieve the above object, this invention provides 
a charge control device for controlling a charge power by a 
battery charger that charges the secondary battery module 
with a direct current provided from an AC/DC converter. The 
secondary battery module comprises a plurality of unit cells 
ora plurality of cell groups each constituted with a plurality of 
unit cells. 

The device comprises a constant Voltage circuit that is 
connected to both ends of each unit cell or each cell group and 
is constituted with a Zener diode and a resistor connected in 
series, a determination circuit that makes a determination 
based upon a potential difference between potentials on two 
sides of the resistor as to whether or not the unit cell or the cell 
group is in a full charge state, and a programmable controller 
programmed to control the charge power based upon the full 
charge state. 

This invention also provides a charge control method com 
prising connecting a constant Voltage circuit constituted with 
a Zener diode and a resistor connected in series to both ends 
of each unit cell or each cell group, making a determination 
based upon a potential difference between potentials on two 
sides of the resistor as to whether or not the unit cell or the cell 
group is in a full charge State, and controlling the charge 
power based upon the full charge State. 
The details as well as other features and advantages of this 

invention are set forth in the remainder of the specification 
and are shown in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an electronic circuit diagram indicating a rela 
tionship of a charge control device according to this invention 
to a secondary battery module and a battery charger. 
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2 
FIGS. 2A and 2B are timing charts indicating a relationship 

between a change in charging power Supplied from a battery 
charger to the secondary battery module and a change occur 
ring in a Voltage at a unit cell in the secondary battery module. 

FIGS. 3A-3C are timing charts indicating a change in 
charging power used to charge the secondary battery module 
and changes occurring in Voltages at different unit cells. 

FIGS. 4A and 4B are timing charts indicating a waveform 
of a pulse signal output from an operational amplifier in the 
charge control device. 

FIG. 5 is a flowchart of the secondary battery module 
charge control routine executed by a battery controller 
according to this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows a charge control device 3 that controls charge 
of a secondary battery module 1 by monitoring a charge 
quantity indicating the extent to which the secondary module, 
used as a motive power source in an electric Vehicle, is 
charged and by controlling charging power output from a 
battery charger 2 that charges the secondary battery module 1 
based upon the charge quantity. 
The secondary battery module 1 includes n unit cells 10 

connected in series. n represents any positive integer. The unit 
cells 10 are each constituted with a lithium-ion battery. How 
ever, the unit cells may be constituted with nickel hydride 
batteries or lead-acid batteries, instead of lithium-ion batter 
1CS 

The battery charger 2 includes an AC/DC converter. The 
AC/DC converter converts an alternating current to a direct 
current and Supplies the direct current to the secondary bat 
tery module 1. The alternating current source may be, for 
instance, a residential electrical outlet. 
The charge control device 3 includes a constant Voltage 

circuit 33 connected in parallel to the unit cell 10 and a 
determination circuit 30, both disposed in correspondence to 
each unit cell 10. The constant voltage circuit 33 is constituted 
with a resistor 331 and a Zener diode 332 connected in series. 
The determination circuit 30 is constituted with an opera 
tional amplifier 34, an integrating circuit 35 and a cell control 
integrated circuit (hereafter referred to as a CCIC) 31. 
The operational amplifier 34, connected to the two ends of 

the resistor 331, outputs a pulse signal corresponding to the 
potential difference between the potentials at the two ends of 
the resistor 331. In other words, as an electric current flows 
through the constant Voltage circuit 33, the operational ampli 
fier 34 outputs a pulse signal. The integrating circuit 35 is 
constituted with a resistor and a capacitor and outputs the 
results obtained by integrating the pulse signal to the CCIC 
31. 
As the charge progresses and the Voltage between the ter 

minals at the unit cell 10 becomes greater than the breakdown 
voltage at the Zener diode 332, an electric current flows 
through the constant voltage circuit 33, which includes the 
Zener diode 332, and a difference occurs between the poten 
tials at the two sides of the resistor 331 connected in series to 
the Zener diode 332. In the following description, the break 
down voltage at the Zener diode 332 is to be referred to as a 
Zener Voltage. 
The Zener voltage at the Zener diode 332 may be set in 

advance to a level substantially equal to the full charge volt 
age of the unit cell 10 so as to enable detection of a unit cell 10 
achieving its full charge voltage by detecting the flow of the 
current through the constant Voltage circuit 33 as the potential 
difference between the two sides of the resistor 331. It is to be 
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noted that the state of full charge voltage detected at the unit 
cell 10 as described above may be a momentary state attrib 
utable to a voltage pulsation at the AC/DC converter. 

The determination circuit 30 executes the following pro 
cessing in order to detect the state of full charge at the unit cell 
10 by eliminating the influence of voltage pulsation. 
The operational amplifier 34 outputs a pulse signal by 

detecting the difference between the potentials at the two 
sides of the resistor 331. The pulse signal output from the 
operational amplifier 34 is input to the CCIC 31 via the 
integrating circuit 35. Based upon the signal input from the 
corresponding integrating circuit 35, each CCIC31 calculates 
a pulse signal time duty ratio and once the time duty ratio 
exceeds a predetermined ratio, the unit cell 10 is determined 
to have entered the state of full charge. In this example, the 
predetermined ratio is set to 50%. 
The CCICs 31 each makes a determination as to whether or 

not the target unit cell 10 has reached the state of full charge, 
and each CCIC outputs a full charge signal if the determina 
tion is affirmative. 

Based upon the full charge signals output from the CCICs 
31, a battery controller 32 controls charging power output 
from the battery charger 2 to charge the secondary battery 
module 1. 
The battery controller 32 is constituted with a microcom 

puter which includes a central processing unit (CPU), a read 
only memory (ROM), a random access memory (RAM) and 
an input/output interface (I/O interface). The battery control 
ler 32 may be constituted with a plurality of microcomputers, 
as well. 
The power output from an AC/DC converter will normally 

include a pulsating component. For this reason, terminal Volt 
ages at the secondary battery module 1 charged with the 
charging power output from the AC/DC converter in the bat 
tery charger 2 also pulsate. As the Voltage at the secondary 
battery module 1 is detected over specific sampling cycles, 
the pulsation of the terminal Voltages causes the Voltage value 
to fluctuate with the timing of each detection and thus, accu 
rate Voltage detection cannot be assured with ease. 
The Voltage pulsation is a phenomenon inherent to the 

AC/DC converter and accordingly, the Voltage pulsation can 
be suppressed by connecting a DC/DC converter, which 
executes DC-DC voltage conversion to the AC/DC converter. 
However, the addition of such a DC/DC converter with a 
complicated circuit structure is bound to increase the size of 
the battery charger 2. An increase in the size of the battery 
charger 2 is particularly undesirable in an application in 
which the secondary battery module 1 and the battery charger 
2 must be installed in a limited installation space, e.g., in a 
vehicle. 

In the charge control device 3 according to this invention, 
aZener diode 332 is connected between the terminals of each 
unit cell 10 and a pulse signal is generated based upon the 
potential difference occurring between the two sides of a 
resistor 331 connected in series to the Zener diode 332, so as 
to detect the state of full charge at the particular unit cell 10 
based upon the pulse signal time duty ratio detected in corre 
spondence to the integrated pulse signal value. As a result, the 
charge quantity can be detected with a high level of accuracy, 
unaffected by charge voltage pulsation attributable to the 
AC/DC converter. In addition, by controlling the power out 
put from the battery charger 2 based upon the detection 
results, the secondary battery module 1 can be reliably 
charged to achieve a full charge. 

In reference to FIGS. 2A and 2B, the charge control under 
which a given unit cell 10 is charged is described. 
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4 
It is assumed that a charge of the secondary battery module 

1, currently charged to an extremely low level, is started by 
connecting the battery charger 2 to an AC source. As indicated 
in FIG. 2A, the power output from the AC/DC converter in the 
battery charger 2 to the secondary battery module 1 includes 
a pulsating component. As a result, the Voltage at the second 
ary battery module 1 also pulsates as it increases, as indicated 
in FIG. 2B. 
At each unit cell 10, as soon as the voltage between the 

terminals of the constant voltage circuit 33 becomes higher 
than the full charge voltage of the unit cell 10, an electric 
current flows through the constant voltage circuit 33, thereby 
creating a difference between the potentials at the two sides of 
the resistor 331. The period of time during which such a 
potential difference exists at the resistor 331 is equivalent to a 
period of time during which an electric current flows through 
the Zener diode 332. The resistance value at the resistor 331 
is set in advance by taking into consideration the full charge 
voltage of the unit cell 10 and the Zener voltage at the Zener 
diode 332. The full charge voltage for the unit cell 10 is set to 
a sufficiently low Voltage value by allowing a certain margin 
relative to a critical voltage at which the unit cell 10 will be 
overcharged. 
Once the voltage at the unit cell 10 rises to a level exceeding 

the full charge Voltage, the operational amplifier 34 outputs a 
pulse signal corresponding to the length of time over which 
the resistor 331 manifests a potential difference. Since the 
Voltage at the unit cell pulsates as it rises, as indicated in FIG. 
2B, the period of time over which an electric current flows 
through the Zener diode 332 gradually lengthens. In corre 
spondence, the time duty ratio of the pulse signal output from 
the operational amplifier 34 also gradually increases. 
The pulse signal is input to the CCIC 31 paired up with the 

particular operational amplifier 34 via the integrating circuit 
35. The CCIC 31 detects the pulse signal time duty ratio from 
the signal output from the integrating circuit 35 and once the 
time duty ratio exceeds the predetermined ratio, i.e., 50%, it 
determines that the voltage at the corresponding unit cell 10 
has reached a level equivalent to the full charge Voltage and 
outputs a full charge signal to the battery controller32. Upon 
receiving the full charge signal from any CCIC31, the battery 
controller 32 outputs a charging power reducing signal, used 
to lower the charging power, to the battery charger 2. 

Thus, if the pulse signal time duty ratio corresponding to 
any of the plurality of unit cells 10 constituting the secondary 
battery module 1 exceeds 50%, the battery controller 32 
transmits a charging power reducing signal to the battery 
charger 2 so as to lower the charging power. 
Upon receiving the charging power reducing signal, the 

battery charger 2 lowers the charging power in stages, as 
indicated in FIG. 2A. The stage at which the charging power 
is at its highest is to be referred to as level 1 in the description. 
The charging power is sequentially lowered to level 2, level 3 
and then level 4. However, the number of stages through 
which the charging power is adjusted does not need to be four 
and it may be set to any number equal to or greater than two. 
By lowering the charging power output from the battery 

charger 2 in stages as described above, the amplitude of the 
pulsating component in the charging power can be kept down. 
However, instead of lowering the charging power in stages, it 
may be reduced continuously. It is to be noted that as the 
charging power reducing signal is output, each CCIC 31 
simultaneously resets the integral signal output from the cor 
responding integrating circuit 35 to Zero through internal 
processing. 
As the charging power is lowered to level 2, the charge 

Voltage at the secondary battery module 1 is also temporarily 
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lowered but the charge Voltage then starts to rise again, as 
indicated in FIG. 2B. In this situation, the unit cell 10 is 
already charged with the charging power at level 1 and thus, 
the charge is resumed at level 2 with a potential higher than 
that corresponding to level 1. 

At level 2, too, each time the voltage at a unit cell 10 
reaches a level equivalent to the full charge Voltage, an elec 
tric current flows through the corresponding constant Voltage 
circuit 33, prompting the operational amplifier 34 to transmit 
a pulse signal. Once the duty ratio of the pulse signal input 
from the operational amplifier 34 via the integrating circuit 35 
exceeds 50% the CCIC 31 transmits a full charge signal 
pertaining to the corresponding unit cell 10 to the battery 
controller32. Upon receiving the full charge signal from any 
CCIC 31, the battery controller 32 outputs a charging power 
reducing signal, used to lower the charging power, to the 
battery charger 2. In response to the charging power reducing 
signal, the battery charger 2 lowers the charging power to 
level 3. 
As the charging power is lowered to level 3, the charge 

Voltage at the secondary battery module 1 is also temporarily 
lowered but the charge Voltage then starts to rise again, as 
indicated in FIG. 2B. In this situation, the unit cell 10 is 
already charged with the charging power in the level 1-2 range 
and thus, the charge is resumed at level 3 with a potential 
higher than that corresponding to level 2. 

At level 3, too, each time the voltage at a unit cell 10 
reaches a level equivalent to the full charge Voltage, an elec 
tric current flows through the corresponding constant Voltage 
circuit 33, prompting the operational amplifier 34 to transmit 
a pulse signal. Once the duty ratio of the pulse signal input 
from the operational amplifier 34 via the integrating circuit 35 
exceeds 50%, the CCIC 31 transmits a full charge signal 
pertaining to the corresponding unit cell 10 to the battery 
controller32. Upon receiving the full charge signal from any 
CCIC 31, the battery controller 32 outputs a charging power 
reducing signal, used to lower the charging power, to the 
battery charger 2. In response to the charging power reducing 
signal, the battery charger 2 lowers the charging power to 
level 4. 
As the charging power is lowered to level 4, the charge 

Voltage at the secondary battery module 1 is also temporarily 
lowered but the charge Voltage then starts to rise again, as 
indicated in FIG. 2B. In this situation, the unit cell 10 is 
already charged with the charging power in the level 1-3 range 
and thus, the charge is resumed at level 4 with a potential 
higher than that corresponding to level 3. 

At level 4, too, each time the voltage at a unit cell 10 
reaches a level equivalent to the full charge Voltage, an elec 
tric current flows through the corresponding constant Voltage 
circuit 33, prompting the operational amplifier 34 to transmit 
a pulse signal. Once the duty ratio of the pulse signal input 
from the operational amplifier 34 via the integrating circuit 35 
exceeds 50%, the CCIC 31 transmits a full charge signal 
pertaining to the corresponding unit cell 10 to the battery 
controller 32. 
At level 4, the battery controller 32 keeps charging the 

secondary battery module 1 with the power at level 4 even 
after a full charge signal is input thereto from a CCIC 31. 
Then, once full charge signals originating from all the CCICs 
31 are input thereto, the battery controller 32 determines that 
the charge of the secondary battery module 1 has been com 
pleted and outputs a charge stop signal to the battery charger 
2. 
As FIGS. 3A-3C indicate, the voltages at the plurality of 

unit cells 10 constituting the secondary battery module 1 rise 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
at varying rates while the secondary battery module 1 is 
charged, since the performance levels of the unit cells 10, for 
instance, may not be uniform. 
As the charging power output from the battery charger 2 to 

charge the secondary battery module 1 is adjusted in four 
stages as indicated in FIG. 2A under the control described 
earlier, the Voltage at a quick charging unit cell 10 achieves 
the full charge state at an early phase of level 4, as indicated 
in FIG. 3B but the voltage at a slow charging unit cell 10 does 
not achieve the full charge state well into the level 4, as 
indicated in FIG. 3A. The term “full charge state' in this 
context is equivalent to a pulse signal time duty ratio exceed 
ing 50%. 
Once a full charge signal is output incorrespondence to any 

unit cell 10, the battery controller 32 in the charge control 
device 3 in the embodiment lowers the charging power pro 
vided from the battery charger 2. As a result, the secondary 
battery module 1 can be charged efficiently by minimizing 
any waste of charging power provided from the battery 
charger 2. In addition, until full charge signals are output in 
correspondence to all the unit cells 10, the battery controller 
32 sustains the level of the charging power from the battery 
charger 2 at the lowest level, i.e., level 4. This means that a full 
charge state can be achieved reliably for a slow charging unit 
cell 10, as indicated in FIG.3A, making it possible to reliably 
charge the secondary battery module 1 until it achieves the 
full charge State. 
When the duty ratio at a slow charging unit cell 10 reaches 

50%, which indicates the full charge state, as shown in FIG. 
4A, the duty ratio at a quick charging unit cell 10 may have 
already reached 100%, as shown in FIG. 4B. However, since 
an electric current flows through the constant Voltage circuit 
33 and power is used up through heat generation at the resistor 
331 in the quick charging unit cell 10, there is no risk of the 
quick charging unit cell 10 becoming overcharged. 

Next, in reference to FIG. 5, the charge control routine 
executed by the battery controller 32 to achieve the charge 
control described above will be explained. The execution of 
this routine starts simultaneously as a charge of the secondary 
battery module 1 is started up. It is to be noted that a deter 
mination as to whether or not to start charging the secondary 
battery module 1 is made through a separate routine. 

In a step S11, the battery controller32 outputs a charge start 
signal, signaling the start of a level 1 charge of the secondary 
battery module 1, to the battery charger 2. 

In a step S12, the battery controller 32 determines whether 
or not a full charge signal has been input from the CCIC 31 
operating in conjunction with any unit cell 10. As explained 
earlier, the CCIC 31 outputs the full charge signal when the 
time duty ratio of the pulse signal indicating an electric cur 
rent flow through the Zener diode 332 exceeds the predeter 
mined ratio of 50%. 

If the result of the determination in step S12 is negative, the 
battery controller 32 sustains the state of level 1 charge, in 
which the secondary battery module 1 is charged at level 1. 
Once the result of the determination made in the step S12 

turns affirmative, the battery controller 32 outputs a charging 
power reducing signal to the battery charger 2 in a step S13. 
Upon receiving the charging power reducing signal input 
thereto, the battery charger 2 lowers the charging power from 
level 1 to level 2. 

Following the processing in the step S13, the battery con 
troller32 determines in a step S14 whether or not the charging 
power has been lowered to level 4. If it is determined that the 
charging power has not been lowered to level 4, the battery 
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controller 32 repeats the processing of steps S12-S14. Thus, 
the charge is continuously executed with the charging power 
at level 2. 

Consequently, in response to another full charge signal 
input thereto from the CCIC31 operating in conjunction with 
any of the unit cells 10, the battery controller 32 outputs a 
charging power reducing signal to the battery charger 2 in the 
step S13. Upon receiving the charging power reducing signal 
input thereto, the battery charger 2 lowers the charging power 
from level 2 to level 3. 

Subsequently, the battery controller32 repeatedly executes 
the processing in steps S12-S14 while Sustaining level 3. So as 
to continuously execute the charge with the charging power at 
level 3. 

Then, in response to another full charge signal input thereto 
from the CCIC 31 operating in conjunction with any of the 
unit cells 10, the battery controller 32 outputs a charging 
power reducing signal to the battery charger 2 in step S13. 
Upon receiving the charging power reducing signal input 
thereto, the battery charger 2 lowers the charging power from 
level 3 to level 4. 
Once the level of the charging power is lowered to level 4, 

the determination in the step S14 turns to be affirmative from 
negative. Once the results of the determination made in the 
step S14 turns to be affirmative, the battery controller 32 
makes a determination in a step S15 whether or not full charge 
signals have been input in correspondence to all the unit cells 
10. 
A negative decision is made in the step S15 immediately 

after the result of the determination made in the step S14 turns 
to be affirmative. Until the determination turns to be affirma 
tive in a step S15, the battery controller 32 continues to charge 
the secondary battery module 1 with the charging power at 
level 4. 

After the secondary battery module 1 is continuously 
charged with the level 4 charging power and the full charge 
signals are finally input in correspondence to all the unit cells 
10 as a result, the battery controller 32 outputs a charge stop 
signal to the battery charger 2 in a step S16 so as to end the 
charge of the secondary battery module 1. After executing the 
processing in step S16, the battery controller 32 ends the 
routine. 
As described above, the charge control device 3 includes a 

constant voltage circuit 33 which is made up with a Zener 
diode 332 and a resistor 331 disposed in series and is con 
nected in parallel to each unit cell 10. Thus, as the voltage 
between the terminals becomes higher than the breakdown 
coverage of the Zener diode 332, an electric current flows 
through the constant voltage circuit 33 which includes the 
Zener diode 332, thereby creating a potential difference 
between the potentials at the two sides of the resistor 331 
connected in series to the Zener diode 332. 
As the CCIC 31 makes a determination as to whether or not 

the unit cell 10 is in the full charge state based upon the pulse 
signal time duty ratio corresponding to the potential differ 
ence, the completion of the charge of the particular unit cell 
10 can be detected accurately and with optimal timing. In 
addition, since any excess power that may be applied to the 
unit cell 10 is consumed as the resistor 331 generates heat in 
correspondence to the potential difference, the unit cell 10 
does not become overcharged. 
The battery controller32 lowers the charging power used to 

charge the secondary battery module 1 in stages based upon 
full charge signals each indicating that a given unit cell 10 has 
been fully charged and thus, the unit cells 10 constituting the 
secondary battery module 1 can be charged with high effi 
ciency. Furthermore, since the secondary battery module 1 is 
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8 
continuously charged with low power at level 4 until all the 
unit cells 10 become fully charged, all the unit cells 10 can be 
thoroughly charged. 
As described above, the charge control device 3 is capable 

of ensuring that even if the charging power pulsates, the 
secondary battery module 1 can be reliably charged until the 
full charge State is achieved while preventing an overcharge 
of individual unit cells 10. 

In addition, since the battery charger 2 used in conjunction 
with the charge control device 3 does not require a DC/DC 
converter for purposes of Suppressing pulsation of the charg 
ing power, the charger device can be provided as a compact 
and inexpensive unit. 

While the charge of the secondary battery module 1 is 
terminated in the step S16 after all the unit cells 10 are 
determined to have been fully charged in step S15 in the 
charge control routine shown in FIG. 5, the charge of the 
secondary battery module 1 may be terminated after it is 
further charged over a predetermined length of time as an 
alternative. Through this alternative processing, it can be 
ensured with even greater reliability that the secondary bat 
tery module 1 is charged to the full charge level. 
As a further alternative, the charge of the secondary battery 

module 1 may be terminated after a predetermined length of 
time elapses upon deciding in the step S15 that one of the unit 
cells 10 has been fully charged. In this case, if the voltages at 
Some unit cells fail to rise due to a malfunction, the charge is 
terminated without charging the secondary battery module 1 
over an extended period of time so as to protect the other 
normally functioning unit cells 10 from any adverse effect. 

In the embodiment described above, the determination in 
the step S12 and the determination in the step S15 are both 
executed to determine whether or not the individual unit cells 
10 have been fully charged by comparing the pulse signal 
time duty ratio with the same predetermined ratio of 50%. 

However, it is also desirable to set the reference time duty 
ratio used in the determination in the step S12 as the trigger 
for lowering the charging power level to a value Smaller than 
that selected for the reference time duty ratio in the step S15 
as the charge stop trigger, particularly since such settings will 
minimize the level of power consumption required to charge 
the secondary battery module 1. 

In addition, the reference value selected for the predeter 
mined ratio to be compared with the time duty ratio may be 
adjusted in correspondence to the level of the charging power. 
For instance, the predetermined ratio may be set to 30% when 
charging the secondary battery module with the level 1 charg 
ing power, the predetermined ratio may be set to 40% when 
charging the secondary battery module with the level 2 charg 
ing power, and the predetermined ratio may be set to 50% 
when charging the secondary battery module with the level 3 
charging power. 

Since the amplitude of the pulsating component included 
in charging power at a higher level is greater, the peak value 
of the voltage between the terminals at each unit cell tends to 
momentarily reach the full charge Voltage, and thus, an elec 
tric current tends to flow through the constant Voltage circuit 
33 readily at a higher charging power level. In other words, at 
a higher charging power level, the resistor 331 tends to gen 
erate heat more readily, resulting in greater energy loss. The 
extent of Such energy loss can be reduced by selecting a 
greater value for the predetermined ratio at a lower charging 
power level. 
The contents of Tokugan 2009-140978, with a filing date of 

Jun. 12, 2009 in Japan, and Tokugan 2010-124987, with a 
filing date of May 31, 2010 in Japan, are hereby incorporated 
by reference. 
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Although the invention has been described above with 
reference to certain embodiments, the invention is not limited 
to the embodiments described above. Modifications and 
variations of the embodiments described above will occur to 
those skilled in the art, within the scope of the claims. 

For example, while the constant voltage circuit 33 is dis 
posed in correspondence to each unit cell 10 in the embodi 
ment described above, the control device may include a con 
stant Voltage circuit 33 disposed in correspondence to each 
cell group made up with a plurality of the unit cells 10 and 
may make a decision as to whether or not the particular cell 
group has achieved a state of full charge without departing 
from the technical scope of this invention. 
The battery controller 32 in the embodiment described 

above, lowers the charging power output from the battery 
charger 2 through the level 1-level 4 range in stages each time 
one of the unit cells 10 achieves the full charge state. How 
ever, charging by the battery charger 2 may be stopped once 
any unit cell 10 achieves the full charge state without depart 
ing from the technical scope of this invention. 

The embodiments of this invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. A charge control device for controlling a charge power 
by a battery charger that charges a secondary battery module 
with a direct current provided from an AC/DC converter, the 
secondary battery module comprising a plurality of unit cells 
ora plurality of cell groups each comprising a plurality of unit 
cells, the device comprising: 

a constant Voltage circuit that connects both ends of each 
unit cell or each cell group, the constant Voltage circuit 
comprising a Zener diode and a resistor connected in 
series; 

a determination circuit that makes a determination based 
upon a potential difference between potentials on two 
sides of the resistor as to whether or not the unit cell or 
the cell group is in a full charge state, the determination 
circuit comprising an operational amplifier that gener 
ates a pulse signal in correspondence to the potential 
difference between the potentials at the two sides of the 
resistor, an integrating circuit that integrates the pulse 
signal and outputs an integral signal, and a cell control 
integrated circuit that calculates a pulse signal duty ratio 
based upon the integral signal and determines that the 
unit cell or the cell group is in the full charge state when 
the duty ratio exceeds a predetermined ratio; and 

a programmable controller programmed to control the 
charge power based upon the full charge state. 

2. The charge control device as defined in claim 1, wherein 
the predetermined ratio is set equal to a time duty ratio of 50 
percent. 

3. A charge control device for controlling a charge power 
by a battery charger that charges a secondary battery module 
with a direct current provided from an AC/DC converter, the 
secondary battery module comprising a plurality of unit cells 
ora plurality of cell groups each comprising a plurality of unit 
cells, the device comprising: 

a constant Voltage circuit that connects both ends of each 
unit cell or each cell group, the constant Voltage circuit 
comprising a Zener diode and a resistor connected in 
series; 

a determination circuit that makes a determination based 
upon a potential difference between potentials on two 
sides of the resistor as to whether or not the unit cell or 
the cell group is in a full charge state; and 

a programmable controller programmed to control the 
charge power, 
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10 
wherein the constant Voltage circuit and the determination 

circuit are disposed in correspondence to each unit cell 
or each cell group, and the programmable controller is 
further programmed to reduce the charging power that 
the battery charger outputs to charge the secondary bat 
tery module once any unit cell or cell group enters the 
full charge State. 

4. The charge control device as defined in claim3, wherein 
the constant Voltage circuit and the determination circuit are 
disposed in correspondence to each unit cell or each cell 
group, and the programmable controller is further pro 
grammed to reduce the charging power that the battery 
charger outputs to charge the secondary battery module each 
time any unit cell or cell group enters the full charge state. 

5. The charge control device as defined in claim3, wherein 
the constant Voltage circuit and the determination circuit are 
disposed in correspondence to each unit cell or each cell 
group, and the programmable controller is further pro 
grammed to cause the battery charger to keep charging the 
secondary battery module until all the unit cells or cell groups 
achieve the full charge state. 

6. The charge control device as defined in claim 5, wherein 
the programmable controller is further programmed to cause 
the battery charger to keep charging the secondary battery 
module until a predetermined length of time elapses after all 
the unit cells or cell groups enter the full charge state. 

7. The charge control device as defined in claim3, wherein 
the programmable controller is further programmed to cause 
the battery charger to stop charging the secondary battery 
module, once a predetermined length of time elapses after any 
unit cell or cell group enters the full charge state. 

8. A charge control device for controlling a charge power 
by a battery charger that charges a secondary battery module 
with a direct current provided from an AC/DC converter, the 
secondary battery module comprising a plurality of unit cells 
ora plurality of cell groups each comprising a plurality of unit 
cells, the device comprising: 

a constant Voltage circuit that connects both ends of each 
unit cell or each cell group, the constant Voltage circuit 
comprising a Zener diode and a resistor connected in 
series; 

means for making a determination based upon a potential 
difference between potentials on two sides of the resistor 
as to whether or not the unit cell or the cell group is in a 
full charge state, the means for making the determina 
tion comprising an operational amplifier that generates a 
pulse signal in correspondence to the potential differ 
ence between the potentials at the two sides of the resis 
tor, an integrating circuit that integrates the pulse signal 
and outputs an integral signal, and a cell control inte 
grated circuit that calculates a pulse signal duty ratio 
based upon the integral signal and determines that the 
unit cell or the cell group is in the full charge state when 
the duty ratio exceeds a predetermined ratio; and 

means for controlling the charge power based upon the full 
charge state. 

9. A charge control method for controlling a charge power 
by a battery charger that charges a secondary battery module 
with a direct current provided from an AC/DC converter, the 
secondary battery module comprising a plurality of unit cells 
ora plurality of cell groups each comprising a plurality of unit 
cells, the method comprising: 

connecting both ends of each unit cell or each cell group by 
a constant Voltage circuit, the constant Voltage circuit 
comprising a Zener diode and a resistor connected in 
series, 
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making a determination based upon a potential difference 
between potentials on two sides of the resistor as to 
whether or not the unit cell or the cell group is in a full 
charge state, wherein making the determination com 
prises generating a pulse signal in correspondence to the 5 
potential difference between the potentials at the two 
sides of the resistor, integrating the pulse signal, output 
ting an integral signal, calculating a pulse signal duty 
ratio based upon the integral signal, and determining that 
the unit cell or the cell group is in the full charge state 10 
when the duty ratio exceeds a predetermined ratio; and 

controlling the charge power based upon the full charge 
State. 


